Aim: Thoracic aortic dissection (TAD) is the most common life-threatening disorder, and a shifted balance of matrix metalloproteinases (MMPs) and tissue inhibitors of metalloproteinases (TIMPs) is involved in TAD pathogenesis. The aim of this study was to evaluate the association of 4 single-nucleotide polymorphisms (SNPs) in MMP-9 and TIMP-3 genes with TAD risk in Chinese Han population. Methods: A total of 206 Chinese patients with TAD and 180 controls were included in this study. Four SNPs (rs3918249, rs2274756, rs9609643 and rs8136803) were genotyped using high-throughput MALDI-TOF mass spectrometry. Allele and genotype association analyses were conducted using PLINK. Results: All the 4 SNPs resulted in Hardy-Weinberg equilibrium in patients and controls. The G allele frequency for the MMP-9 SNP rs2274756 was significantly higher in female TAD patients than in female controls (P=0.0099). Moreover, after adjusting for traditional cardiovascular risk factors (sex, age, hypertension, dyslipidemia, diabetes and smoking habit), the rs2274756 polymorphism (odds ratio: 0.30; 95% confidence interval: 0.11 to 0.79, P=0.015) resulted in an independent susceptibility factor for TAD in females. No associations were found between the other SNPs and TAD. Conclusion: The results provide strong evidence for an association between MMP-9 SNP rs2274756 and female TAD risk in Chinese Han population.
Introduction
Thoracic aortic dissection (TAD) is the most common lifethreatening disorder that affects the aorta in the world [1] . Evidence from clinical trials indicates that the mortality rate from acute aortic dissection is as high as 1% per hour in the early stages [2] , making prevention and early diagnosis critical for survival. Studies on the pathogenesis of this disease may shed light on the prevention and treatment of dissection. It is believed that hypertension is the main etiological risk factor in aortic dissection development [3] . Meanwhile, a number of genetic conditions are also associated with dissection, such as Marfan syndrome_ENREF_1 [4] and Loeys-Dietz syndrome [5] . However, the cause of spontaneous aortic dissection in individuals without genetic syndromes is still unknown.
The histological appearance of aortic dissection is characterized by aortic wall inflammation and the progressive degradation of extracellular matrix proteins due to an imbalance of proteolytic enzymes and their inhibitors [6] . A number of proteolytic enzymes are involved in the development of aortic dissection, namely, matrix metalloproteinases (MMPs) and tissue inhibitors of metalloproteinases (TIMPs) [7] . MMPs comprise a family of over 20 zinc-dependent enzymes that degrade all major protein components of the extracellular matrix (ECM) [8] . TIMPs are endogenous inhibitors of activated MMPs that keep their activity in check [9] . The interaction between MMPs and TIMPs has been reported to play a crucial role in pathogenesis of aortic dissection and other tissue remodeling-related diseases, such as primary angle closure glaucoma (PACG) [10] and tumor [11] . Recently, four MMP-9 and TIMP-3 singlenucleotide polymorphisms (SNPs) have been identified to be associated with the pathogenesis of PACG [12] and cancer [13, 14] in several studies. SNPs are the most common genetic varia-# These authors contributed equally to this work. * To whom correspondence should be addressed.
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In the current study, we aimed to assess the four SNPs in the MMP-9 and TIMP-3 genes for their association with TAD in the Chinese Han population.
Materials and methods

Study population
We carried out a case-control association study involving 206 unrelated cases that were randomly selected from patients admitted to Beijing Anzhen Hospital with a diagnosis of TAD. The diagnostic criteria for TAD were as described previously [16] . In brief, diagnosis was based on any type of imaging examination, including CT scan, MRI, echocardiography, and angiography. Patients with Marfan syndrome, Loeys-Dietz aneurysm, aortic coarctation, or other aortic diseases were excluded from the study.
The control group consisted of 180 volunteers randomly selected from individuals who were admitted to Beijing Anzhen Hospital for reasons other than aortic disease, mainly primary hypertension disease. The aorta was routinely measured by echocardiography for hypertensive patients in our hospital. Control patients were enrolled only if angiography revealed no evidence of aortic diseases, such as aortic dissection and abnormal aortic diameter. We chose hypertensive for the control group because it is known that hypertension is an important risk factor for TAD, and this control group eliminated the potential contribution of hypertension to TAD. Case and control samples were matched by ethnic ancestry (all Chinese Han population) and age. Information on demographic characteristics was collected, and clinical information and family histories were collected from medical records and interviews that were conducted by a genetics counselor. All protocols involving human specimens were approved by the Institutional Review Board at Beijing Anzhen Hospital. Each subject provided written informed consent.
Blood sample collection and genomic DNA extraction Ethylenediamine tetraacetic acid (EDTA) anticoagulated venous whole blood samples were collected from each participant. Human genomic DNA was isolated from peripheral blood leukocytes by standard procedures using the DNA Isolation Kit (Genomic DNA kit, Axygen Scientific Inc, CA, USA), and the DNA was stored at -80 °C for further SNP analysis.
Genotyping
We studied four SNPs of the MMP-9 and TIMP-3 genes associated with either primary angle closure glaucoma and/or cancer based on literature data. This information on SNPs was acquired from the ENSEMBL, dbSNP NCBI and UCSC genome browser databases (Table 1) . Of note, reference SNP id rs2274756 was recently merged to rs17577 dbSNP, but for better comparability with previous publications, we continue to refer to this SNP as rs2274756 in the text.
Genotyping analysis of the SNPs was performed using the MassARRAY platform (Sequenom, San Diego, CA, USA). Briefly, polymerase chain reaction (PCR) and detection primers were designed using the MassARRAY Assay Design software (Sequenom). The DNA samples were amplified by multiplex PCR reactions. The terminator nucleotides were desalted and added into a 384-element SpectroCHIP array. Then, allele detection was performed using a time-of-flight (MALDI-TOF) SpectroReader mass spectrometer (Sequenom). Lastly, the mass spectrograms were analyzed for peak identification using the Typer Analyzer software (Sequenom), and for quality control, the missing genotype rate of each SNP was set to lower than 10%.
Statistical analysis
All analyses were performed using the PLINK 1.07 software. SNPs were tested for deviation from Hardy-Weinberg equilibrium (HWE) using chi-square tests. Continuous data were compared with the use of 2-sample t-tests, and categorical data were compared between groups using chi-square tests. Genetic association was assessed under allelic and different genetic models with chi-Square tests, Cochran-Armitage tests for trends and Fisher's exact tests. Where more than 5 counts for a given genotype were observed, a chi-square test was used; otherwise, Fisher's exact test was used. The Bonferroni correction was also applied, and we used logistic regression analysis to test the independence of association evidence between SNPs and TAD, adjusting for traditional cardiovascular risk factors (age, sex, smoking habit, diabetes, hypertension, and dyslipidemia). Table 2 shows the baseline and clinical characteristics of the subjects. We found a statistically significant gender differ- [17] . There were significantly more male than female TAD patients were included in this study. No differences in cardiovascular risk factors such as smoking habit, hypertension, and dyslipidemia between TAD cases and the controls were observed.
Results
Study participants
Total sample SNP analysis All SNPs did not significantly (P>0.05) deviate from HardyWeinberg equilibrium. In Table 3 , the allele frequencies and genotype distributions of all SNPs and the chi-square analysis are reported. We found no significant association between the four SNPs and the TAD phenotype. After adjusting for age, gender, hypertension, diabetes, dyslipidemia, and smoking habit, we performed multiple logistic regression analysis, but no evidence for an association was observed (data not shown).
Gender-stratified sample SNP analysis
We stratified the samples according to gender to detect possible interactions between SNP genotype status and gender. We did not find significant differences in genotype or allele frequencies between cases and controls in subsamples of males or females for SNP rs3918249, rs9609643, or rs8136803. However, we found a SNP of MMP-9, tagged by rs2274756, in a higher proportion of G allele carriers among female TAD patients (93.7%) compared with female controls (82.6%, P=0.00988). Then, we performed a Bonferroni test to calculate the corrected P value. Again, the corrected P value was significant (P=0.03951). Furthermore, genotype distribution resulted in statistical differences between female patients and controls according to the dominant and additive model for rs2274756 (shown in Table 4 ). Finally, to account for the interference of potential confounding factors with our assessment of the relationships between the SNPs and TAD, we performed a multivariate logistic regression analysis that was adjusted for the covariates age, hypertension, diabetes, dyslipidemia, and smoking habit. We verified that the association between the rs2274756 gene polymorphism and TAD remained significant [odds ratio (OR) 0.30, 95% confidence interval (CI) 0.11 to 0.79, Table 2 . Demographic and clinical characteristics of TAD cases and healthy controls in a Han Chinese population. TAD, thoracic aortic dissection; CAD, coronary artery disease; NS, not significant. Continuous data were tested using a 2-tailed Student's t test, and categorical data were tested using a chi-square test (with df=1) for differences between the TAD (patient) and control (normal) groups. 
Controls
Discussion
MMP-9 is a zinc-dependent proteolytic enzyme that is involved in degradation and remodeling of the extracellular matrix (ECM), which are essential steps in aortic dissection progression. Chen et al found that the MMP-9 -8202A/G polymorphism was associated with TAA and TAD in a white population [18] . In the present study, we found a significant association of SNP rs2274756 in MMP-9 with TAD in the female Chinese Han population, and this association remained significant independent of cardiovascular risk factors.
SNP 2274756 is located in exon 12 of MMP-9, where the mutation leads to a glutamine-to-arginine substitution at the 668th amino acid (Q668R) of the MMP-9 protein. This nonsynonymous substitution is situated in the coding sequence of the hemopexin domain [19] . Although our investigation is only a genetic association study and the precise impact of this polymorphism on protein function has not been confirmed by molecular biology techniques, several studies have focused on the computational prediction of the functional significance of this SNP with bioinformatic tools. According to ESEfinder, rs2274756 may change the binding motif, which could influence exon 2 splicing [20] , and Cotignola et al derived a synthetic structure of MMP-9 by 3D superposition of the different structural fragments of MMP-9 [21] . They suggested that an amino acid change of rs2274756 might alter MMP-9 function and/or interaction with its inhibitors. Nan et al computed SNP functional scores using several popular bioinformatics tools, including SNPs3D and PMut [22] . The results based on SNPs3D showed that the rs2274756 SNP was deleterious to the stability of the protein structure, and the MMP9 Arg668Gln is predicted by PMut to be pathological to protein function and by SNPs3D to be deleterious to the protein structural stability. This group demonstrated that rs2274756 was associated with the activity of the MMP-9 protein based on PMut and SNPs3D analysis. All of these findings could help explain the association between the MMP-9 SNP rs2274756 and the pathogenesis of TAD in females.
Furthermore, rs2274756 may not be singly causal but may also associate with the disease in more complicated ways. Linkage disequilibrium (LD) between this SNP and other causative SNPs cannot be ruled out. For example, the MMP-9 SNP rs3918241 was found to be in strong LD with rs2274768 (D′=1.0, r 2 =0.97) [13] , and the promoter SNP rs3918241 was located within the core sequence of a GATA motif (GTAAAGGAAG[T/A]TAATTATCTC) that could bind GATA factors, which are master regulatory transcription factors important for the perpetuation and differentiation of human Th2 cells. Furthermore, several studies have suggested important regulatory roles for the Th1/Th2 cytokine balance in matrix remodeling and the pathogenesis of atherosclerosis and aortic aneurysm [23] . Consistent with previous observations [24, 25] , more male than female TAD patients were included in this study. To minimize the influence of gender difference and to detect a possible interaction between gender and SNP genotype status, we calculated associations with TAD by gender-specific, case-control analysis. We verified that the rs2274756 gene polymorphism was an independent, genetic susceptibility for females, but not for males. The reasons for this gender difference are not clear, and several factors have been proposed as possible causes of this phenomenon. Hormones may be an important factor, and MMPs have been found to be targets under hormonal control in previous studies [26, 27] . MMP gene expression could be regulated by hormones [28] , which are quite different between men and women. Additionally, TAD is a complex trait, and susceptibility to TAD is influenced by a complex genetic background and potentially by environmental exposures. Gender differences in environmental factors, such as life habits and exposure to important risk factors, may contribute to this phenomenon.
In addition to TAD, the shifted balance of MMPs and TIMPs also plays an important role in some other tissue remodelingrelated diseases, such as primary angle closure glaucoma (PACG) and cancer. Awadalla et al reported an association between MMP-9 SNP rs3918249 and the pathogenesis of PACG [12] , and Peterson et al demonstrated that SNPs rs9609643 and rs8136803 in the TIMP-3 gene contributed to individual differences in breast cancer susceptibility and survival [14] . However, we failed to find any significant differences in genotype or allele frequencies between the TAD cases and controls in our study. There are several possible explanations for this discrepancy. First, the associations between the tested SNPs that are involved in tissue remodeling-related diseases might be ethnic-specific. Awadalla et al conducted a study in a Caucasian population, but our study was performed in a Chinese Han population [12] . Second, the key mechanisms of TAD and other tissue-remodeling diseases are not exactly the same. For example, immunosuppression is crucial for cancer development, which is different from TAD formation [29] . Third, determining what causes these diseases is complex. Genetic variation and environmental factors may be involved in the pathogenesis of these diseases, and environmental risk factors between different populations could contribute to the discrepancy between the studies.
In conclusion, we investigated the potential association between four SNPs and TAD risk in a Chinese Han population. We demonstrated that the genetic variation rs2274756 in MMP-9 gene was a susceptibility factor for TAD in the female Chinese Han subpopulation, and this genetic association was independent of the classical cardiovascular risk factors.
